Objective. To evaluate the evidence for the effectiveness of acupuncture in peripheral joint osteoarthritis (OA). Methods. Systematic searches were conducted on Medline, Embase, AMED, Cochrane Library, CINAHL, British Nursing Index, PsychINFO and CAMPAIN until July 2005. Hand-searches included conference proceedings and our own files. There were no restrictions regarding the language of publication. All randomized controlled trials (RCTs) of acupuncture for patients with peripheral joint OA were considered for inclusion. Trials assessing needle acupuncture with or without electrical stimulation were considered if sham-or placebo-controlled or controlled against a comparator intervention. Trials testing other forms of acupuncture were excluded. Methodological quality was assessed and, where possible, meta-analyses were performed. Results. Thirty-one possibly relevant studies were identified and 18 RCTs were included. Ten trials tested manual acupuncture and eight trials tested electro-acupuncture. Overall, ten studies demonstrated greater pain reduction in acupuncture groups compared with controls. The meta-analysis of homogeneous data showed a significant effect of manual acupuncture compared with sham acupuncture (standardized mean difference 0.24, 95% confidence interval 0.01-0.47, P ¼ 0.04, n ¼ 329), which is supported by data for knee OA. The extent of heterogeneity in trials of electro-acupuncture prevented a meaningful meta-analysis. Conclusions. Sham-controlled RCTs suggest specific effects of acupuncture for pain control in patients with peripheral joint OA. Considering its favourable safety profile acupuncture seems an option worthy of consideration particularly for knee OA. Further studies are required particularly for manual or electro-acupuncture in hip OA.
Introduction
Osteoarthritis (OA) is the most common form of arthritis, and the most common reason for total hip and total knee replacement [1] . The underlying disease processes of OA involve cartilage degeneration, proliferation and remodelling of subchondral bone structure. Weight-bearing peripheral and axial joints are most often affected [2] . OA is associated with symptoms of pain and functional disability. Physical disability arising from pain and loss of functional capacity reduces the quality of life and increases the risk of further morbidity and mortality [3] . Among adults aged 30 yrs, symptomatic knee OA occurs in 6% and symptomatic hip OA in about 3% [1] . Before the age of 50 yrs, the prevalence of OA in most joints is higher in men than in women, whereas in later life women are more often affected than men in hands, feet and knees [4] .
The treatment of OA is largely symptomatic and includes analgesics, NSAIDS, glucosamine, topical analgesics such as capsaicin cream as well as exercise, behavioural interventions and surgical treatment [5] . Most drug treatments are associated with well-documented risks such as gastrointestinal irritation and bleeding, renal and hepatic toxicity, as well as an increased risk of hypertension. Some of these adverse events are most prominent in the elderly-the very group most commonly affected by OA [6] .
Non-pharmacological treatments such as acupuncture are therefore attractive. Acupuncture is often used for OA and chronic pain relief [2, 7] . In the US, over 2 million people use acupuncture annually [8] . To evaluate the evidence for the effectiveness of acupuncture in peripheral joint OA, we conducted a systematic review and meta-analysis of randomized controlled trials (RCTs).
Study selection
All articles were included that reported an RCT in which patients with peripheral joint OA were treated with needle acupuncture with or without electrical stimulation. Trials testing other forms of acupuncture, such as laser acupuncture or acupuncture using moxibustion were excluded. Studies comparing two different forms of acupuncture and those in which no data or statistical comparisons were reported were also excluded. No language restrictions were applied.
Data extraction
Data were extracted independently by two of the authors (Y.D.K. and M.H.P) using a specifically designed data extraction form. For each study, trial design, randomization, blinding and handling of drop outs, inclusion and exclusion criteria, details of treatment and control procedures, main outcomes measure and main results were recorded. Differences during this process were settled by discussion.
Data synthesis
The mean change of pain scores assessed on 100 mm visual analogue scale (VAS) and on the Western Ontario MacMaster Osteoarthritis Index (WOMAC) pain scale compared with baseline were defined as primary outcome measures. They were used to assess the differences between the intervention groups and the control groups. Datapoints chosen were those at the end of the treatment period. Means and 95% confidence intervals (CIs) were calculated using the Cochrane Collaboration's standard metaanalysis software (RevMan 4.27, Update Software Ltd., Oxford, UK). For some studies, the information was insufficient. In all of these cases, we contacted the original authors requesting further information. The variance of the change was imputed using a correlation factor of 0.4 suggested by the Cochrane Collaboration. The chi-square test for heterogeneity was used to assess whether the distribution of the results was compatible with the assumption that inter-trial differences were attributable to chance variation alone. Homogeneous datasets were meta-analysed using a fixed effects model. Sensitivity analyses were planned, but abandoned due to the small number of trials that provided adequate data. Data which were not suitable for meta-analysis were assessed and weighed in a subjective manner according to important design features relating to study quality (Jadad score), sample size, analyses (e.g. baseline/inter-group comparisons), characteristics of treatment and control groups (e.g. waiting list, sham/placebo control).
Quality assessment
Study quality was assessed using the Jadad score [9] . Taking into account the difficulties in blinding, we used a modification of this scale [10] . For a total of 5 points, we awarded 1 point each: if the study was described as randomized; for appropriate method; if subjects were blinded to intervention; if evaluator was blinded to intervention; for description of withdrawals and dropouts. Subject blinding was assumed where the control intervention was indistinguishable from acupuncture, even if the word 'blinding' did not occur in the report. Trials with 4 or 5 points were considered to be of high quality. For knee and hip OA, acupuncture treatment was considered adequate if a minimum of four points were needled for a minimum of 20 min, at least six treatments were given with a frequency of at least one session weekly, sufficient electrical stimulation for a minimal sensation was given or deqi (needle sensation) was achieved.
Results

Study description
The literature searches revealed 31 possibly relevant studies (Fig. 1) . Thirteen studies were excluded [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 41] . Key data of the remaining 18 that included RCTs are summarized in Table 1 . Ten of these trials employed manual acupuncture (Table 1) . Most trials of electro-acupuncture were performed using frequencies of 2-8 Hz [29, 31, 34, 35, [37] [38] [39] . The sensation of deqi or numbness during needle stimulation was reported in 13 of the reviewed trials [23, 25, 27, 28, 30, 31, [33] [34] [35] [36] [38] [39] [40] . The treatment duration was 20-30 min in most trials [23] [24] [25] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] .
Study quality
Two sham-controlled studies reported assessor and subject blinding and scored the maximum on the modified Jadad scale [33, 35] , whereas eight studies scored 4 points [26-28, 30, 31, 36, 38, 40] . Patient blinding was judged to have been achieved in six studies [25, 28, 30, 33, 35, 36] . The assessor was reported as blinded in 13 studies (Table 1) [25-31, 33-35, 37, 38, 40] . Acupuncture was considered adequate in all but one [34] trial.
Outcomes
Overall, 10 studies suggested greater pain reduction in acupuncture groups compared with control groups [25, 27, 30-32, 35-38, 40] . Of the 10 high-quality studies scoring 4-5 points [26-28, 30, 31, 33, 35, 36, 38, 40] , seven trials reported acupuncture to be superior to a range of control interventions [27, 30, 31, 35, 36, 38, 40] . The extent of heterogeneity in the dataset prevented a meaningful meta-analysis across all trials. Manual acupuncture was compared with waiting list control groups in two studies, which reported intergroup differences for pain on VAS and WOMAC scales (Table 1) . When compared with superficial needling as sham control, intergroup differences on pain measures were reported in three of four trials (Table 1) . Three trials provided sufficient data for meta-analysis, which showed a significant effect of manual acupuncture compared with sham for treating peripheral joint OA (standardized mean difference 0.24, 95% CI 0.01-0.47, P ¼ 0.04, n ¼ 329, Fig. 2 ). This was confirmed by the results for knee OA (Fig. 3) . Compared with mock TENS, there were no intergroup differences [26] and compared with conventional therapy the results were mixed [23, 24, 32] . In one case of insufficient data reporting [30] , additional information was requested from the original author but has not been received so far.
Electro-acupuncture was compared against sham or placebo acupuncture (Table 1) in three trials [35, 37, 40] , which reported intergroup differences for pain on VAS and WOMAC scales. Electro-acupuncture was compared with conventional therapy in seven trials [29, 31, 34, 35, [37] [38] [39] . Intergroup differences in favour of electro-acupuncture as compared with oral medication such as diclofenac on pain VAS [37, 38] , and WOMAC scales [31, 38] . Intergroup differences on pain were not reported compared with transcutaneous electrical nerve stimulation (TENS) [29, 34] and education [34, 39] , whereas in another study [35] , contact with the original author confirmed the differences compared with education for WOMAC pain scores. The extent of heterogeneity in trials of electro-acupuncture prevented a meaningful metaanalysis of these data.
Six of the 11 RCTs with sample sizes of 40 reported intergroup differences on VAS or WOMAC in favour of acupuncture (Table 1) , while four [25, 27, 32, 38] of the seven studies [24-27, 32, 34, 38] with sample sizes <40 also reported the same. Eight studies [25, 27, 30, 31, 35, 36, 38, 40] of trials indicating deqi sensation, and nine of 14 studies on OA of the knee had intergroup differences on pain measures favouring acupuncture [25, 27, 30, 31, [35] [36] [37] [38] 40] , whereas one [32] of three studies of OA of the hip gave a similar result [32] . Beneficial effects are reported for OA of the thumb joint [26] .
Discussion
A previous review indicated favourable evidence of acupuncture for pain control when compared with sham acupuncture, and concluded that the evidence suggests that acupuncture may play a role in the treatment of knee OA [42] . Since the publication of this article, a number of further RCTs were published. Whereas the previous review [42] could not perform meta-analyses due to the numerous types of control groups and insufficient reporting of data, the newly identified trials enabled us to conduct metaanalyses. Our meta-analysis of a homogeneous dataset suggests significant pain reduction for patients with peripheral joint OA, particularly knee OA (Figs. 2 and 3) . A best evidence synthesis [43] , which contains a degree of subjectivity, suggests that, overall, the data for manual acupuncture could be classified as a fairly strong evidence.
We opted to assess quality using a modified Jadad scale whereby a point is scored for subject blinding and assessor blinding separately. Of the 18 RCTs, only five trials were both patient-blinded and assessor-blinded [25, 28, 30, 33, 35] , whereas four studies [23, 24, 32, 39] did not make an attempt at either subject or assessor blinding. Trials with inadequate levels of blinding are likely to exaggerate the treatment effects and thus limit the reliability of the findings [44, 45] . Of course, many other systems to assess methodological quality exist; some of which are more elaborate. However, the Jadad score is an accepted, frequently used and easy to apply score. Ju¨ni et al. [46] have shown that there are no strong advantages of these instruments over the Jadad score.
Acupuncture was compared with various types of control interventions. Depending on the nature of the control intervention, different conclusions can be drawn. Manual acupuncture seems to reduce pain compared with waiting-list controls. This may suggest effectiveness against the natural course of OA but does not allow for placebo effects. Trials of manual acupuncture were also conducted against sham acupuncture, and the metaanalysis of three RCTs, which provided sufficient data, suggests a positive effect. In addition, five trials [30, [35] [36] [37] 40] reported a degree of blinding, suggesting beneficial effects compared with sham or placebo control for VAS or WOMAC pain scores. This indicates analgesic effects of acupuncture beyond a placebo response. There were no intergroup differences compared with placebo TENS [26, 29] . Compared with conventional medication, electro-acupuncture was superior to NSAIDs on VAS [37, 38] and WOMAC [31, 38] . Further trials are required to confirm these data.
The placebo effect of acupuncture as a treatment for pain can be impressive. Several placebo or sham acupuncture methods have been tried. These range from puncturing the skin outside acupuncture points, eliciting a sensation on the skin without Systematic review of acupuncture for peripheral OApuncturing the skin, superficially puncturing the skin without stimulation or in cases of electro-acupuncture, using electrostimulators with disconnected cables. To reliably account for the placebo effect, it is crucial that the sham procedure is indistinguishable from the real treatment. Therefore, the success of the blinding procedures should be assessed.
This systematic review has several limitations. We cannot be absolutely certain that our searches located all relevant RCTs, which is a limitation that indeed applies to systematic reviews in general. Although strong efforts were made to retrieve all RCTs on the subject, it is conceivable that some were not found. In this study, a large number of different databases were searched and there were no restrictions in terms of publication language. Further limitations include the paucity and the often suboptimal quality of the primary data. It must be noted that design features such as placebo or blinding are difficult to incorporate for acupuncture trials and that research funds for acupuncture studies are in short supply. Even though the total number of 18 RCTs is encouraging, it is too small considering the heterogeneity of the overall dataset.
One argument for using acupuncture in the management of painful musculoskeletal conditions is that it is safer than standard drug treatments [10] . Serious adverse effects of acupuncture have been reported, although these may be rare [47] . Relative to those of standard drug treatments these may be infrequent or even negligible [2, 48] . Several prospective studies have shown that mild adverse effects after acupuncture occur in about 7% of all cases [49] .
In conclusion, sham-controlled RCTs suggest specific effects of acupuncture for pain control in patients with peripheral joint OA. Considering its favourable safety profile, acupuncture seems an option worthy of consideration particularly for knee OA. Further studies are required particularly for manual or electroacupuncture for hip OA.
